MULTIPLE SEMICONDUCTOR CHIP (MULTI-CHIP) MODULE 
FOR USE IN HIGH-POWER APPLICATIONS 




BA CKGROUND OF THE INVENTION 

The invention is in the f ieldpfsemiconductor devices, and 
relates more specifically tp^ifiultiple semiconductor chip 
(hereinafter multi-chip) modules for use high-power applications. 



Multi-chip module technology has recently been applied to 

5 integrated circuits used in high power applications, such as power 
supplies and electronic ballast circuits. Such multi-chip modules 
typically include at least a power semiconductor chip and a control 
semiconductor chip mounted on an electrically conductive (typically 
metal) heat sink. In the prior art, one or more of the chips 

10 employed in the module must be electrically insulated from the 
metal heat sink in order to maintain electrical isolation, thus 
requiring a relatively complicated structure which is costly to 
manufacture. Additionally, such a configuration is not ideal in 
terms of electrical performance, because electrically isolating 

15 one or more chips from the metal heat sink and having the heat sink 
float at other than ground potential may result in electromagnetic 
interference (EMI) . 

A typical prior-art device configuration is shown in Japanese 
patent abstract JP 6-169057A. In the elementary multi-chip module 

20 shown in this reference, one chip is shown as soldered directly to 
a heat sink, while a second chip is provided on an electrode plate, 
which is in turn provided on an insulating ceramic plate provided 
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on the heat sink. 

While the foregoing structure permits the fabrication of a 
multi-chip module incorporating different chip types and functions, 
it is relatively complicated and therefore uneconomical to 
manufacture, and in certain applications structures of this type 

will generate electromagnetic (EMI) radiation. ^ 

Accordingly, it would be desirablejxfhave a multi-chip module 
for use in high-power applicatiops^which is simple in construction 
and therefore economical ^e^abricate, and in which performance 
10 parameters such as^^ciuced EMI are enhanced < 



SUMMARY OF THE INVENTION 



It is therefore an object of the^pfesent invention to provide 
a multi-chip module for use irp-hlgh-power applications which is 
15 simple in construct iop<^conomical to fabricate, and capable of 
offering enh^negS performance. 




In accordance with the invention, these objects are achieved 
in a multi-chip module of the type described above in which a 
plurality of semiconductor chips are all directly mounted on an 

20 electrically conductive heat sink without the use of a separate 
electrical insulation layer. 

In a preferred embodiment of the invention, the multi-chip 
module includes at least a power semiconductor chip having a 
silicon-on-insulator (SOI) device and a control semiconductor chip 

25 having a semiconductor device with a substrate connected to ground 
potential, with both the power semiconductor chip and the control 
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" semiconductor chip being directly mounted on the electrically 
' conductive heat sink without the use of a separate electrical 
insulation layer. 

In further preferred embodiments of the invention, the control 
5 semiconductor chip includes BIMOS, bipolar, or CMOS devices and has 
a substrate connected to ground potential. 

Multi-chip modules in accordance with the present invention 
offer a significant improvement in that a simple, economical 
configuration having improved performance characteristics is 
10 achieved. 

These and other aspects of the invention will be apparent from 
and elucidated with reference to the embodiments described 
hereinafter. 

15 BRIEF DESCRIPTION OP THE DRAWING 

The invention may be more completely understood with reference 
to the following description, to be read in conjunction with the 
accompanying drawing, in which the single Figure shows a simplified 
cross-sectional view of a multi-chip module in accordance with a 
20 preferred embodiment of the invention. 

It should be understood that the single Figure of the drawing 
is not drawn to scale. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

-* — ■■ — 

25 in the simplified cros^^ectional view of the single Figure, a 

multiple semiconduct^p^chip (multi-chip) module 10 for use in high- 
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^ power circuit applications is shown. The mul^f-chip module 10 

includes an electrically conductive heaj^sink 20, typically a metal 
heat sink of copper or aluminum, on/</hich are directly mounted a 
plurality of semiconductor chips'; such as chips 3 0 and 40 shown in 
5 simplified form within bo direct angles in the Figure. It should be 
noted that the semicopductor chips 30 and 40 are directly mounted 
on the conduct ive/fieat sink 20 without the use of a separate 
electrical i^ulation layer as is typically required in the prior 

art. f m __ 

10 In the example shown, semiconductor chip 3 0 is A power 

semiconductor chip, here shown as a Silicon-On-In*mlator (SOI) 
device having a semiconductor substrate 38, a buried insulating 
layer 39, and an SOI layer 32 having at leasfc one semiconductor 
device symbolically shown by region 34 presided therein. 

15 Electrical connections to the semicondjictor device 34 are 

symbolically shown by the single electrode 36, although it will be 
apparent that in an actual device/more than one connection will 
typically be provided. By placing all of the high-voltage and 
high-power components of the' multi-chip module on SOI power 

20 semiconductor chip 30, it/becomes possible to directly mount the 
semiconductor chip on the conductive heat sink 20 without the use 
of a separate electrical insulation layer, since the portions of 
the chip connected to high voltage are insulated from the substrate 
38 by oxide insulation layer 36 within the chip itself. Power 

25 semiconductor chip 30 can be directly mounted on the conductive 
heat sink/20 by known conventional methods, such as soldering or 
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> gluing with a conductive glue. If power semiconductor chips other 
than SOI chips are used, they must be-t5apable of operating with 
their substrates connected directly to the conductive heat sink. 

The multi-chip module 10 also includesa^control semiconductor 
5 chip 40 shown in simplified form in the/figure, also directly 
mounted on the conductive heat sin3e^20 without the use of a 
separate electrical insulatio^'layer . The control semiconductor 
chip 40 is symbol ically/sliown by a substrate 46 in which is formed 
at least one semiconcluctor device 42, with electrical connections 
10 to the devicexbeing symbolically shown by the single connection 

electrodar 44. 

In order to further reduce the manufacturing cost of multi- 
chip module 10, the control semiconductor chip 40 can employ a low- 
cost technology such as BIMOS, bipolar, or CMOS to implement the 
15 control circuit devices symbolically shown by reference numeral 42. 
It will be recognized that various technologies may be used to 
fabricate the control circuitry, the only limitation being that the 
back of the chip (substrate 46) must be capable of being directly 
mounted on the conductive heat sink 20, which will typically be at 
20 ground potential. A further advantage of having the conductive 

heat sink 20 and the substrate of the control semiconductor chip 40 
at ground potential is that electromagnetic radiation (EMI) will be 
reduced, since the grounded heat sink cannot serve as an antenna to 
radiate interference signals. As in the case of power 
25 semiconductor chip 30, control semiconductor chip 40 may be mounted 
to the conductive heat sink 20 by soldering or other conventional 
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# 



v electrically conductive fastening technique. 

It will be understood that while the simplified representative 
structure shown in the single Figure depicts a preferred embodiment 
of the invention, numerous variations in device geometry, 
5 configuration and number of chips used are contemplated within the 
scope of the invention. Nevertheless, it is noted that several 
advantages accrue by using a configuration in accordance with the 
preferred embodiment. By directly mounting all of the 
semiconductor chips on the conductive heat sink without the use of 
10 a separate electrical insulation layer, the fabrication process is 
simplified and made more economical, EMI is reduced and efficient 
heat transfer is ensured. Additionally, by using a low-cost 
technology such as BIMOS, CMOS or bipolar for the control 
semiconductor chip(s) , further advantages in economy and 
15 performance are obtained. Finally, by using an SOI device as the 
power semiconductor chip, direct mounting of this chip is 
facilitated while permitting great flexibility in high-voltage 
device design even though the substrate is typically grounded, 
since the active portion of the device is internally insulated from 

20 the substrate. 

In the foregoing manner, the pr^s^nt invention provides a 
multi-chip module for use in>igh-power applications which is 
simple in structure^^ecT^nomical to fabricate and which offers 

performance ^iv^ntages. _ 

25 While the invention has been particularly shown and described 

with reference to several preferred embodiments thereof, it will be 
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understood by those skilled in the art that various changes in form 
and detail may be made without departing from the spirit or scope 
of the invention. In this application it should be understood that 
the word "a" or "an" preceding an element does not exclude the 
presence of a plurality of such elements, and that the word 
"comprising" does not exclude the presence of other elements or 
steps than those described or claimed. 
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